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$(\coprod^{x}+m^{2})[\phi(x), \phi(y)]$ $=$ $0$ ,
$[\phi(x), \phi(y)]|_{0}$ $=$ $0$ , (2.3)
$\partial_{0^{x}}[\phi(x), \phi(y)]|_{0}$ $=$ $-i\delta(x-y)$ .
, Cauchy $\Delta(x;m^{2})$ :
$(\coprod^{x}+m^{2})\Delta(x;m^{2})$ $=$ $0$ ,
$\Delta(x;m^{2})|_{x^{0}=0}$ $=$ $0$ , (2.4)
$\partial_{0^{x}}\Delta(x;m^{2})|_{x^{0}=0}$ $=$ $-\delta(x)$ ;
$\Delta(x;m^{2})=\frac{1}{(2\pi)^{3}i}\int d^{4}p\epsilon(p_{0})\delta(p^{2}-m^{2})e^{-ipx}$ . (2.5)
$(‘ 2.3)$ (2.4) , Cauchy – ,
:
$[\phi(x), \phi(y)]$ $=$ $i\Delta(x-y;m^{2})$ . (2.6)
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, $J_{\mu}(x, z)$ $\phi(x)$ $y^{0}$
, 2
, – .
$J_{\mu}(x, z)\equiv\partial_{\mu}^{z}\Delta(x-z;m^{2})\cdot\phi(z)-\Delta(x-z;m^{2})\partial_{\mu}\phi(z)$, $\partial_{z}^{\mu}J_{\mu}(x, z)=0$ , (2.7)




( $N$ ) , :
$\mathcal{L}$ $=$ $\frac{1}{2}(\partial^{\mu}\phi_{1}\cdot\partial_{\mu}\phi_{1}-m^{2}\phi_{1}^{2})-\frac{1}{2}(\partial^{\mu}\phi_{2}\cdot\partial_{\mu}\phi_{2}-m^{2}\phi_{2}^{2})+F(\phi_{1}+\phi_{2})$. (2.9)
, $F$ . , , $\phi_{1^{-}}\phi_{1}$
$\phi_{2^{-}}\phi_{2}$ , Feynman
, Feynman .
, $\phi_{1},$ $\phi_{2}$ $\varphi\equiv\phi_{1}+\phi_{2},\tilde{\varphi}\equiv\phi_{1}-\phi_{2}$ ,
[3] :
$\mathcal{L}=$ $\partial^{\mu}\tilde{\varphi}\cdot\partial_{\mu}\varphi-m^{2}\tilde{\varphi}\varphi+F^{\urcorner}(\varphi)$ . (2.10)
, $\varphi-\varphi$ Feynman
.
$(\square +m^{2})\varphi=0$ , $(\square +m^{2})\tilde{\varphi}=F’(\varphi)$ (2.11)
, Cauchy :
$\{$
$(\square +m^{2})^{x}[\varphi(x), \varphi(y)]$ $=$ $0$ ,
$[\varphi(x), \varphi(y)]|_{0}$ $=$ $0$ ,
$\partial_{0^{x}}[\varphi(x), \varphi(y)]|_{0}$ $=$ $0$ ;
(2.12)
$\{$
$(\square +m^{2})^{x}[\varphi(x),\tilde{\varphi}(y)]$ $=$ $0$ ,
$[\varphi(x),\tilde{\varphi}(y)]|_{0}$ $=$ $0$ ,
$\partial_{0^{x}}[\varphi(x),\tilde{\varphi}(y)]|_{0}$ $=$ $-i\delta(x-y)$ ;
(2.13)
$\{$
$(\square +m^{2})^{x}[\tilde{\varphi}(x),\tilde{\varphi}(y)]$ $=$ $F”(\varphi(x))[\varphi(x),\tilde{\varphi}(y)]$ ,
$[\tilde{\varphi}(x), \varphi(y)]|_{0}$ $=$ $0$ ,
$\partial_{0^{x}}[\tilde{\varphi}(x),\tilde{\varphi}(y)]|_{0}$ $=$ $0$ .
(2.14)
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, (2.14) $F”(\varphi(x))$ $\varphi(x)$ $[\varphi(x),\tilde{\varphi}(y)]$ , $F’(\varphi(x))$
\mbox{\boldmath $\varphi$}\tilde ( .
– , Cauchy (2.12), (2.13)
$[\varphi(x), \varphi(y)]$ $=$ $0$ , (2.15)
$[\varphi(x),\tilde{\varphi}(y)]$ $=$ $i\Delta(x-y;m^{2})$ (2.16)
. (2.16) c- , (2.14)
. Cauchy (2.14) , (2.16) ( )
$X(x, y)$ $=$ $- \int d^{N}u\epsilon(x, y;u)\Delta(x-u;m^{2})(\square +m^{2})^{u}X(u, y)$
$- \int d^{N-1}u[\Delta(x, u)\partial_{0^{u}}X(u,y)-\partial_{0^{u}}\Delta(x,u)\cdot X(u,y)]|_{u^{0}=y^{0}}$ , (217)
$\epsilon(x, y;u)$ $\equiv$ $\theta(x^{0}-u^{0})-\theta(y^{0}-u^{0})$
, :
$[\tilde{\varphi}(x),\tilde{\varphi}(y)]$ $=$ $-i \int d^{N}u\epsilon(x, y;u)\Delta(x-u;m^{2})F’’(\varphi(u))\Delta(u-y;m^{2})$ . (2.18)
Glaser – , 2 Dilaton [4] .
, $g_{\mu\nu}$ , Dilaton $\phi$ , A :
$\mathcal{L}_{\mathrm{D}\mathrm{i}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{o}\mathrm{n}}$ $=$ $\sqrt{-g}\exp(-2\phi)[4g^{\mu\nu}\partial_{\mu}\phi\cdot\partial_{\nu}\phi+R+4\Lambda]$ . (2.19)
, $(g_{\mu\nu}, \phi)arrow(\varphi,\tilde{\varphi})$ :
$\exp(-2\phi)\equiv\tilde{\varphi}$, $g_{\mu\nu}\equiv\eta_{\mu\nu}\exp(2\phi+\varphi)$ . (2.20)
,
$\mathcal{L}_{\mathrm{D}\mathrm{i}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{o}\mathrm{n}}$ $=$ $\partial^{\mu}\tilde{\varphi}\cdot\partial_{\mu}\varphi+4\Lambda\exp(\varphi)+$ ( $\mathrm{t}\mathrm{o}\mathrm{t}\mathrm{a}\mathrm{l}$ divergence) (2.21)
, Glaser .
:
$[\varphi(x), \varphi(y)]$ $=$ $0$ ,
$[\varphi(x),\tilde{\varphi}(y)]$ $=$ $iD(x-y)$ ,
$[\tilde{\varphi}(x),\tilde{\varphi}(y)]$ $=$ $-4i \Lambda\int d^{2}u\epsilon(x, y;u)D(x-u)\exp(\varphi(u))D(u-y)$ ,
(2.22)
$D(x)$ $\equiv$ $\Delta(x;m^{2})|_{m=0}$ : Pauli-Jordan $D$ .
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2.3. 1
Glaser (2.10) $\tilde{\varphi}$ 1
1 [3]. , 1
. ,
:
$\mathcal{L}$ $=$ $\partial^{\mu}\tilde{\varphi}\cdot\partial_{\mu}\varphi+\tilde{\varphi}F_{1}(\varphi)+F_{0}(\varphi)$ . (2.23)
, $F_{0},$ $F_{1}$ .
$\varphi-F_{1}(\varphi)=0$ , $(\square -F_{1}’(\varphi))\tilde{\varphi}=F_{0}’(\varphi)$ (2.24)
, Cauchy .
, $[\varphi(x), \varphi(y)]$ ,
$(\text{ }F_{1}’(\varphi))^{x}[\varphi(x), \varphi(y)]$ $=$ $0$ ,
$[\varphi(x), \varphi(x)]|_{0}$ $=$ $0$ , (2.25)
$\partial_{0^{x}}[\varphi(x), \varphi(y)]|_{0}$ $=$ $0$ ,
. , $F_{1}’(\varphi(x))$ $\varphi(x)$ $[\varphi(x), \varphi(y)]$
. – ,
$[\varphi(x), \varphi(y)]$ $=$ $0$ (2.26)
. , $[\varphi(x),\tilde{\varphi}(y)]$ Cauchy ,
$(\square -F_{1}’(\varphi))^{x}[\varphi(x),\tilde{\varphi}(y)]$ $=$ $0$ ,
$[\varphi(x),\tilde{\varphi}(x)]|_{0}$ $=$ $0$ , (2.27)
$\partial_{0^{x}}[\varphi(x),\tilde{\varphi}(y)]|_{0}$ $=$ $-i\delta(x-y)$
. , $F_{1}’(\varphi(x))$ $\varphi(x)$ $[\varphi(x),\tilde{\varphi}(y)]$
. , D(x, Cauchy
$[\varphi(x),\tilde{\varphi}(y)]$ $=$ $iD(x, y)$ (2.28)
. (2.26) Cauchy –
, $D(x$ , :
$[D(x, y), \varphi(z)]$ $=$ $0$ , (2.29)
$D(x, y)$ $=$ $-D(y, x)$ . (2.30)
$D(x, y)$ Cauchy
, (229) – .
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, ( ; )
$X(x, y)=- \int d^{N}u\epsilon(x, y;u)D(x, u)(\square -F_{1}’(\varphi))^{u}X(u, y)$
$- \int d^{N-1}u[D(x, u)\partial_{0^{u}}X(u, y)-\partial_{0^{u}}D(x, u)\cdot X(u, y)]|_{u^{0}=\mathrm{y}^{0}}$ (2.31)
,
$[D(x, y),\tilde{\varphi}(z)]$ $=$ $-i \int d^{N}u\epsilon(x, y;u)D(x, u)F_{1}’’(\varphi(u))D(u, y)D(u, z)$ (2.32)
.
, [$\tilde{\varphi}(x)$ , \mbox{\boldmath $\varphi$}\tilde (y)] Cauchy , (228)
$(\square -F_{1}’(\varphi))^{x}[\tilde{\varphi}(x),\tilde{\varphi}(y)]$ $=$ $i[F_{1}’’(\varphi(x))D(x, y)\tilde{\varphi}(x)+F_{0}’’(\varphi(x))D(x, y)]$ ,
$[\tilde{\varphi}(x),\tilde{\varphi}(x)]|_{0}$ $=$ $0$ , (2.33)
$\partial_{0^{x}}[\tilde{\varphi}(x),\tilde{\varphi}(y)]|_{0}$ $=$ $0$
( ),
$[ \tilde{\varphi}(x),\tilde{\varphi}(y)]=-i\int d^{N}u\epsilon(x, y;u)D(x, u)[F_{1}’’(\varphi(u))D(u, y)\tilde{\varphi}(u)+F_{0}’’(\varphi(u))D(u, y)]$
(2.34)
.
1 , 2 $\mathrm{B}\mathrm{F}$ ( )[5] 2 ( )[6]
. .
2 BF ( ) , A\mu ’ 8,
$B$ $B,$ $\mathrm{F}\mathrm{P}$ $C,\overline{C}$ ,
$\mathcal{L}_{\mathrm{B}\mathrm{F}}$ $=$ $\frac{1}{2}\tilde{B}\epsilon^{\mu\nu}F_{\mu\nu}+\mathcal{L}_{\mathrm{G}\mathrm{F}+\mathrm{F}\mathrm{P}}$ , (2.35)
$F_{\mu\nu}$ $\equiv$ $\partial_{\mu}A_{\nu}-\partial_{\nu}A_{\mu}+A_{\mu}\cross A_{\nu}$ , $\mathcal{L}_{\mathrm{G}\mathrm{F}+\mathrm{F}\mathrm{P}}\equiv B\partial^{\mu}A_{\mu}-i\partial^{\mu}\overline{C}\cdot D_{\mu}C$ (2.36)
. . 1
$\varphi$
$\tilde{\varphi}$ $A_{\mu}$ $B$ , ,
:
$[A_{\mu}(x), A_{\nu}(y)]$ $=$ $0$ . (2.37)
1 $D(x, y)$ ,
2 ( ) , (2.34) –
( ) .
2 ( ) , $g_{\mu\nu}$ , Weyl $\mathrm{B}$ $\tilde{b}$ ,
$\mathrm{B}$
$b_{\lambda\prime}$ $\mathrm{F}\mathrm{P}$
$c^{\sigma},\overline{c}_{\tau}$ , $\phi$ ,
$\mathcal{L}_{2\mathrm{G}}$ $=$ $\sqrt{-g}R\tilde{b}+\partial_{\mu}\tilde{g}^{\mu\nu}\cdot b_{\nu}-i\tilde{g}^{\mu\nu}\partial_{\mu}\overline{c}_{\rho}\cdot\partial_{\nu}c^{\rho}+\frac{1}{2}\tilde{g}^{\mu\nu}\partial_{\mu}\phi\cdot\partial_{\nu}\phi$ (2.38)
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. , $g_{\mu\nu}$ 3 Weyl $\mathrm{B}$
Weyl , 4\mu v 2 Weyl




$b_{\lambda},\tilde{b}$ , – :
$[g_{\mu\nu}(x), g_{\lambda\rho}(y)]$ $=$ $0$ . (2.39)
2 ( ) , (234)
. , ( ) .
[6] :
$F_{\mu\nu} \equiv 2(\nabla_{\mu}\nabla_{\nu}-g_{\mu\nu}\nabla^{\lambda}\nabla_{\lambda})\tilde{b}-E_{\mu\nu}+\frac{1}{2}g_{\mu\nu}E+T_{\mu\nu}=0$, (2.40)
$E_{\mu\nu}\equiv\partial_{\mu}b_{\nu}+i\partial_{\mu}\overline{c}_{\rho}\cdot\partial_{\nu}c^{\rho}+(\murightarrow\nu)$ , $T_{\mu\nu} \equiv\partial_{\mu}\phi\cdot\partial_{\nu}\phi-\frac{1}{2}g_{\mu\nu}g^{\lambda\rho}\partial_{\lambda}\phi\cdot\partial_{\rho}\phi$ , (2.41)
$R=0$, $\partial_{\mu}\tilde{g}^{\mu\nu}=0$, (2.42)
$\partial_{\mu}\tilde{g}^{\mu\nu}\partial_{\nu}X=0$ , $X=b_{\lambda},$ $c^{\sigma},\overline{c}_{\tau},\tilde{b},$ $\phi$ ; (2.43)
$[g_{\mu\nu}(x), \Phi(y)]=0$ , $\Phi=g_{\lambda\rho},$ $c^{\sigma},\overline{c}_{\tau},$ $\phi$ , (2.44)
$[\phi(x), \phi(y)]=iD(x, y)$ , (2.45)
$[g_{\mu\nu}(x), b_{\lambda}(y)]=i[g_{\mu\lambda}\partial_{\nu}+g_{\lambda\nu}\partial_{\mu}+(\partial_{\lambda}g_{\mu\nu})]^{x}D(x, y)$ , (2.46)
$[g_{\mu\nu}(x),\tilde{b}(y)]=-ig_{\mu\nu}(x)D(x, y)$ , (2.47)
$[\Phi(x), b_{\lambda}(y)]=i\partial_{\lambda}\Phi(x)\cdot D(x,y)$, $\Phi=c^{\sigma},\overline{c}_{\tau},\tilde{b},$ $\phi$ , (2.48)
$\{c^{\sigma}(x),\overline{c}_{\tau}(y)\}=-\delta^{\sigma_{\mathcal{T}}}D(x, y)$ , (2.49)
$[b_{\rho}(x), b_{\lambda}(y)]=i[\partial_{\lambda}b_{\rho}(x)+\partial_{\rho}b_{\lambda}(y)]\cdot D(x, y)$ , (2.50)
$[D(x, y), b_{\lambda}(z)]=i[\partial_{\lambda^{x}}D(x, y)\cdot D(x, z)+\partial_{\lambda^{y}}D(x, y)\cdot D(y, z)]$ . (2.51)
2 ( ) . , $D(x,y)$ Cauchy
2 Pauli-Jordan $D$ :
$\partial_{\mu}^{x}\tilde{g}^{\mu\nu}(x)\partial_{\nu}^{x}D(x, y)$ $=0$,
$D(x, y)|_{x^{0}=y^{0}}$ $=$ $0$ , (2.52)
$\partial_{0^{x}}D(x, y)|_{x^{0}=y^{0}}$ $=$ $-(\tilde{g}^{\infty}(x))^{-1}\delta(x^{1}-y^{1})$ .
, Einstein $\kappaarrow 0$
( $\tilde{b}$ $\langle$ )[7]. , $D(x, y)$
, [8].
2.4. 2 BF ( )
Glaser l , 2 (
)[9] 2 $\mathrm{B}\mathrm{F}$ ( )[10] . ,
.
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$x^{\pm}=(x^{0}\pm x^{1})/\sqrt{2}$ , Dirac $\psi_{M}(M=1, \ldots, D)$ ,




$\equiv B^{a}+\partial+\overline{B}^{a}+f^{abc}(A+^{b}\tilde{B}^{c}-i\overline{C}^{b}C^{\mathrm{c}})+\psi_{M}\uparrow T^{a}\psi_{M}=0$, (2.54)
$A_{-}a=0$ , (2.55)
$\partial_{-}\Phi=0$ , $\Phi=A_{+}a,\tilde{B}^{a},$ $C^{a},\overline{C}^{a},$ $\psi_{M},$ $B^{a}$ (2.56)
, (2.54) , $B$ .
( ) :
$[\tilde{B}^{a}(x), A_{+^{b}}(y)]$ $=$ $-i\delta^{ab}\delta(x^{+}-y^{+})$ , (2.57)
$\{\overline{C}^{a}(x), C^{b}(y)\}$ $=$ $\delta^{ab}\delta(x^{+}-y^{+})$ , (2.58)
$\{\psi_{M}(x), \psi_{N}\uparrow(y)\}$ $=$ $\delta_{MN}\delta(x^{+}-y^{+})$ ; (2.59)
$[B^{a}(x), A_{+^{b}}(y)]$ $=$ $i(\delta^{ab}\partial_{+}+f^{acb}A_{+^{C}}(x))\delta(x^{+}-y^{+})$ , (2.60)
$[B^{a}(x), \Phi^{b}(y)]$ $=$ $-if^{abc}\Phi^{c}(x)\delta(x^{+}-y^{+})$ , $\Phi^{a}=\tilde{B}^{a},$ $C^{a},\overline{C}^{a},$ $B^{a}$ , (2.61)
$[B^{a}(x), \psi_{M}(y)]$ $=$ $T^{a}\psi_{M}(x)\delta(x^{+}-y^{+})$ . (2.62)
2 ( ) .
: $B^{la}\equiv B^{a}+\partial_{+}\tilde{B}^{a}$ , (2.60) $\delta’$ :
$[\Phi^{a}(x), B^{\prime b}(y)]$ $=$ $-if^{abc}\Phi^{\mathrm{c}}(y)\delta(x^{+}-y^{+})$ , $\Phi^{a}=A_{+^{a}},\tilde{B}^{a},$ $C^{a},\overline{C}^{a},$ $B^{\prime a}$ , (2.63)
$[\psi_{M}(x), B^{\prime b}(y)]$ $=$ $-T^{b}\psi_{M}(y)\delta(x^{+}-y^{+})$ . (2.64)
( ) :
$[[A_{+^{a}}(x), B^{\prime b}(y)],\tilde{B}^{c}(z)]=f^{abc}\delta(x^{+}-y^{+})\delta(y^{+}-z^{+})$ , etc. (2.65)
Yang-Mills $\mathrm{B}\mathrm{F}$ (2.53) $\tilde{B}^{2}$ : $-g^{2}/2\tilde{B}^{a}\tilde{B}^{a}(g$




$[B^{a}(x), A_{+^{b}}(y)]$ $=$ $i(\delta^{ab}\partial_{+}+f^{adc}A_{+}(x)-g^{2}f^{ad}\tilde{B}^{c}(x)(x^{-}-y^{-}))\delta(x^{+}-y^{+})$
$=i(\delta^{ab}\partial_{+}+f^{acb}A_{+^{\mathrm{c}}}(y))\delta(x^{+}-y^{+})$. (2.67)
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1) 1 :1 Wightman , ,
.
2) [ ( ) ] .
3) ( ) .
4) ( ) .
, $\{\varphi_{1}(x_{1}), \ldots, \Phi_{n}(x_{n})\}$ $(n-1)$ ( )
$[[[\Phi_{1}(x_{1}), \Phi_{2}(x_{2})]_{\mp}, \Phi_{3}(x_{3})]_{\mp}, \ldots, \Phi_{n}(x_{n})]_{\mp}$ (3.1)
, Jacobi 1 $(n-1)!$ . - ,
(truncated) $\langle\Phi_{1}(x_{1})\cdots\Phi_{n}(x_{n})\rangle_{\mathrm{T}}$ $n!$ ,
(n-l)! ( ) , ,
. , ,






$+\langle\Phi_{1}(x_{1})\Phi_{2}(x_{2})\rangle_{\mathrm{T}}\langle\Phi_{2}(x_{2})\rangle_{\mathrm{T}}+$ ( $2$ )
$+\langle\Phi_{1}(x_{1})\rangle_{\mathrm{T}}(\Phi_{2}(x_{2})\rangle_{\mathrm{T}}\langle\Phi_{3}(x_{3})\rangle_{\mathrm{T}}$ , etc. (3.4)
( ) (truncate) :
$\langle[[\Phi_{1}(x_{1}), \Phi_{2}(x_{2})]_{\mp}, \ldots, \Phi_{n}(x_{n})]_{\mp}\rangle=\langle[[\Phi_{1}(x_{1}), \Phi_{2}(x_{2})]_{\mp}, \ldots, \Phi_{n}(x_{n})]_{\mp}\rangle_{\mathrm{T}}$ . (3.5)
, ( ) .
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Wightman , .
, $\langle\Phi_{1}(x_{1})\cdots\Phi_{n}(x_{n})\rangle(x_{i}=x_{i+1}=\cdots=x_{j})$ , –
Wightman $\langle\Phi_{1}(x_{1})\cdots\Phi_{n}(x_{n})\rangle$ $x_{i}=x_{i+1}=\cdots=x_{j}$ ,
.
3.2. 2 ( )
2 ( ) Wightman .
1 . (2.39)
$\langle g_{\mu_{1}\nu_{1}}(x_{1})\cdots g_{\mu_{n}\nu_{n}}(x_{n})\rangle_{\mathrm{T}}=0(n\geqq \mathit{2})$ (3.6)
, $g_{\mu\nu}(x)$ $f$ , $g_{\mu\nu}(x)$ :
$\langle f(g_{\mu\nu}(x))\rangle=f(g_{\mu\nu}(x))$ , $g_{\mu\nu}(x)\equiv\langle g_{\mu\nu}(x)\rangle_{\mathrm{T}}$ . (3.7)
, (2.42) $g_{\mu\nu}(x)$
$R(x)=0$, $\partial_{\mu}\tilde{g}^{\mu\nu}(x)=0$. (38)
. , $g_{\mu\nu}(x)\equiv\eta_{\mu\nu}$ .
1 :
$\langle$ $\Phi(x))_{\mathrm{T}}\equiv 0$ , $\Phi=b_{\lambda},$ $c^{\sigma},\overline{c}_{\tau},\tilde{b},$ $\phi$ . (3.9)
, $g_{\mu\nu}(x)=\eta_{\mu\nu}\text{ }\mathit{2}\text{ }-\text{ }$
1 $\langle\Phi(x)\rangle_{\mathrm{T}}$
.
, $D(x, y)$ $g_{\mu\nu}(z)$ $D(x, y)$ Cauchy 2
Pauli-Jordan $D$ $D(x-y)$ Cauchy – ,
$\langle D(x, y)\rangle=D(x-y)\equiv-i(D^{(+)}(x-y)-D^{(+)}(y-x))$ (3.10)




. (2.46), (2.47) :
$\langle g_{\mu\nu}(x_{1})b_{\lambda}(x_{2})\rangle_{\mathrm{T}}$ $=$ $[\eta_{\mu\lambda}\partial_{\nu}+\eta_{\lambda\nu}\partial_{\mu}]^{x_{1}}D^{(+)}(x_{1}-x_{2})$ , (3.13)
( $g_{\mu\nu}(x_{1})\tilde{b}(x_{2})\rangle_{\mathrm{T}}$ $=$ $\eta_{\mu\nu}D^{(+)}(x_{1}-x_{2})$ . (3.14)
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, $(^{\underline{(J}}.51)$
$\langle b_{\lambda}(x_{3})D(x_{1}, x_{2})\rangle_{\mathrm{T}}$ $=$ $D^{(+)}(x_{3}-x_{1})\partial_{\lambda^{x_{1}}}D(x_{1}-x_{2})$
$+D^{\langle+)}(x_{3}-x_{2})\partial_{\lambda^{x_{2}}}D(x_{1}-x_{2})$ , (3.15)








$\bullet g_{\mu\nu}$ $(n-1)$ ( $\tilde{b}$ or $b_{\lambda}$ ),
$\bullet$ ( $\phi(x_{1})\phi(x_{2})$ or $c^{\sigma}(x_{1})\overline{c}_{\tau}(x_{2})$ ) $(n-2)$ $b_{\lambda}$ ,
$\bullet n$ $b_{\lambda}$ .
b\mbox{\boldmath $\lambda$} l , tree .
2 ( ) :
$g_{\mu\nu}(x) \equiv\exp(\frac{\alpha}{\mathit{2}}\tilde{b}(x))g_{\mu\nu}’(x)$ , ( $\alpha=$ $\neq 0$ ) (3.19)
, Polyakov 2 [12] ( ) :
$\sqrt{-g}R\tilde{b}=$ $\sqrt{-g’}R’\tilde{b}-\frac{\alpha}{\mathit{2}}\tilde{g}^{\mu\nu/}\partial_{\mu}\tilde{b}\cdot\partial_{\nu}\tilde{b}+$ ( $\mathrm{t}\mathrm{o}\mathrm{t}\mathrm{a}1$ divergence)
$\sim$ $\frac{1}{2\alpha}\sqrt{-g’}R’\frac{1}{\sqrt{-g’}\coprod’}\sqrt{-g’}R’=\mathcal{L}_{\mathrm{P}\mathrm{o}\mathrm{l}\mathrm{y}\mathrm{a}\mathrm{k}\mathrm{o}\mathrm{v}}$ (3.20)
[13]. $n$
$\langle g_{\mu\nu}(x_{1})\tilde{b}(x_{2})\cdots\tilde{b}(x_{n})\rangle_{\mathrm{T}}=(-1)^{n}\eta_{\mu\nu}\prod_{j=2}^{n}D^{(+)}(x_{1}, x_{j})$ (3.21)
$\langle g_{\mu_{1}\nu_{1}}’(x_{1})\cdots g_{\mu_{\hslash}\nu_{n}}’(x_{n})\rangle=\eta_{\mu_{1}\nu_{1}}\cdots\eta_{\mu_{n}\nu_{n}}\exp[\alpha\sum_{i<j}D^{(+)}(x_{i}-x_{j})]$ . (3.22)
, .
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3.3. 2 BF ( )
, Wightman
. , $B^{a}$ $B^{\prime a}=B^{a}+\partial_{+}\tilde{B}^{a}$ .
, 1 . 2 $(2.57)\sim(2.5_{\backslash }^{\mathrm{r}}.))$
$\langle A_{+^{\mathfrak{a}}}(x_{1})\tilde{B}^{b}(x_{2})\rangle_{\mathrm{T}}=\frac{1}{2\pi}\delta^{ab}\frac{1}{x_{1^{+}}-x_{2^{+}}-i0}$ , (3.23)
$\langle C^{a}(x_{1})\overline{C}^{b}(x_{2})\rangle_{\mathrm{T}}=-\frac{i}{\mathit{2}\pi}\delta^{ab}\frac{1}{x_{1^{+}}-x_{2^{+}}-i0}$ , (3.24)
$\langle\psi_{M}(x_{1})\psi_{N}^{l\dagger}(x_{2})\rangle_{\mathrm{T}}=-\frac{i}{2\pi}\delta_{MN^{\frac{1}{x_{1^{+}}-x_{2^{+}}-i0}}}$. (3.25)
(2.63), (2.62) 1 2 .
3 , ( )
$\langle A_{+}^{a}(x_{1})B^{\prime b}(x_{2})\tilde{B}^{c}(x_{3})\rangle_{\mathrm{T}}=-f^{abc}\varphi_{3}(x_{1^{+}}, x_{2^{+}}, x_{3^{+}})$ , (3.26)
$\langle C^{a}(x_{1})B^{\prime b}(x_{2})\overline{C}^{c}(x_{3})\rangle_{\mathrm{T}}=if^{abc}\varphi_{3}(x_{1^{+}}, x_{2^{+}}, x_{3^{+}})$ , (3.27)
$\langle\psi_{M}(x_{1})B^{\prime b}(x_{2})\psi_{N}\uparrow(x_{3})\rangle_{\mathrm{T}}=\delta_{MN}T^{b}\varphi_{\dot{\mathrm{Q}}}’(x_{1^{+}}, x_{2^{+}}, x_{3^{+}})$ , (3.28)
$\varphi_{3}(x_{1^{+}}, x_{2^{+}}, x_{3^{+}})\equiv\frac{1}{(2\pi)^{2}}\cdot\frac{1}{(x_{1^{+}}-x_{2^{+}}-i0)(x_{2^{+}}-x_{3^{+}}-i0)}$ (3.29)
. , n , $\{A_{+^{a}}(x_{1})\tilde{B}^{b}(x_{2}), C^{a}(x_{1})\overline{C}^{b}(x_{2}), \psi_{M}(x_{1})\psi_{N^{\uparrow}}(x_{2})\}$
1 $(n-2)$ $B’$ , tree
.
4.
Wightman ( )( ) , (
) (2 ) .
, – ,
.
2 ( ) , (2.41)$)$ :
$\langle \mathcal{F}_{\mu\nu}(x)b_{\lambda}(y)\rangle$ $=$ $\partial_{\nu}^{x}(\partial_{\mu^{x}}D^{(+)}(x-y)\cdot\partial_{\lambda^{x}}D^{(+)}(x-y))$
$-\eta_{\mu\lambda}\partial_{\sigma}^{x}D^{(+)}(x-y)\cdot(\partial_{\nu}\partial^{\sigma})^{x}D^{(+)}(x-y)+(\murightarrow\nu)$
$\neq$ $0$ . (4.1)
\mbox{\boldmath $\phi$} . , (240)
$\langle$ , $\tilde{b},$ $b_{\nu}$ ( )
. , Weyl .
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2 BF ( ) , (204)
$\langle \mathcal{F}^{a}(x)B^{b}(y)\rangle=\langle \mathcal{F}^{a}(x)\mathcal{F}^{b}.(y)\rangle$
$= \frac{D}{2(\mathit{2}\pi)^{2}}$ . $\frac{\delta^{ab}}{(x^{+}-y^{+}-i0)^{2}}$ (4.2)
, D( Dirac ) 7 . , (2.54)
$x^{-}$ $D$ .
Wightman BRS , 2 BF ( )
. BRS :
$\delta A_{\pm^{a}}=\partial_{\pm}C^{a}+f^{a\phi}A_{\pm^{c}}C^{b}$ , $\delta\tilde{B}^{a}=-f^{abc}C^{b}\tilde{B}^{c}$ , (4.3)
$\delta C^{a}=-\frac{1}{\mathit{2}}f^{abc}C^{b}C^{c}$ , (4.4)
$\delta\overline{C}^{a}=iB^{a}=i(B^{\prime a}-\partial_{+}\tilde{B}^{a})$ , (4.5)
$\delta B^{a}=0$ , $\delta B^{\prime a}=-f^{ab\mathrm{c}}\partial_{+}(C^{b}\overline{B}^{c})$ , (4.6)
$\delta\psi_{M}=iC^{a}T^{a}\psi_{M}$ , $\delta\psi_{M}\dagger=-i\psi_{M}\uparrow C^{a}T^{a}$ . (4.7)
, 2 , (3.24), (3.23), $A_{+},$ $C,\overline{C}$ 3
$\langle\delta(A_{+}a(x_{1})\overline{C}^{b}(x_{2}))\rangle$ $=$ $\partial_{+^{x_{1}}}\langle C^{a}(x_{1})\overline{C}^{b}(x_{2})\rangle-i\partial_{+^{x_{2}}}\langle A_{+}a(x_{1})\tilde{B}^{b}(x_{2})\rangle$
$=0$ (48)
. 3 ,
$(\delta(A_{+}a(x_{1})\overline{C}^{b}(x_{2})\tilde{B}^{c}(x_{3}))\rangle$ $=$ $f^{aed}\langle A_{+}e(x_{1})\tilde{B}^{c}(x_{3})\rangle\langle C^{d}(x_{1})\overline{C}^{b}(x_{2})\rangle$
$+i\langle A_{+}a(x_{1})B^{\prime b}(x_{2})\tilde{B}^{\mathrm{C}}(x_{3})\rangle$
$+f^{c\ }\langle A_{+^{a}}(x_{1})\tilde{B}^{e}(x_{3})\rangle(\overline{C}^{b}(x_{2})C^{d}(x_{3})\rangle$
$=$ $0$ , (4.9)
$\langle\delta(C^{a}(x_{1})\overline{C}^{b}(x_{2})\overline{C}^{c}(x_{3}))\rangle$ $=$ $\frac{1}{2}f^{ade}[\langle C^{d}(x_{1})\overline{C}^{b}(x_{2})\rangle\langle C^{e}(x_{1})\overline{C}^{c}(x_{3})\rangle$
$-(x_{2}rightarrow x_{3}, brightarrow c)]$
$-i\langle C^{a}(x_{1})B^{\prime b}(x_{2})\overline{C}^{c}(x_{3})\rangle+i\langle C^{a}(x_{1})\overline{C}^{b}(x_{2})B^{\prime c}(x_{3})\rangle$
$=$ $0$ , (4.10)






, BRS . BRS ,
BRS Noether $j_{\mathrm{B}^{\mu}}$ , $(2_{\iota}^{r_{)}}.4)$
BRS $j_{\mathrm{B}^{\mu}}\wedge$ :
$\{$
$j_{\mathrm{B}^{+}}$ $=$ $0$ ,
$j_{\mathrm{B}^{-}}$ $=$ $\tilde{B}^{a}\partial_{+}C^{a}+f^{acb}\tilde{B}^{a}A_{+^{c}}C^{b}+\frac{1}{2}if^{abc}\overline{C}^{a}C^{b}C^{c}-C^{a}\psi_{M}\uparrow T^{a}\psi_{M}$ ,
(4.12)
$\{$
$j_{\mathrm{B}^{+}}\wedge$ $\equiv j_{\mathrm{B}^{+}}=0$ ,
$j_{\mathrm{B}^{-}}\wedge$ $\equiv j_{\mathrm{B}^{-}}+C^{a}\mathcal{F}^{a}=B^{a}C^{a}-\frac{1}{2}if^{abc}\overline{C}^{a}C^{b}C^{c}+\partial_{+}(\overline{B}^{a}C^{a})$ .
(4.13)
:
$Q_{\mathrm{B}}= \int dx^{+}j_{\mathrm{B}^{-}}$ , $\hat{Q}_{\mathrm{B}}=\int dx^{+}j_{\mathrm{B}^{-}}\wedge$ . (4.14)
, $Q_{\mathrm{B}}$ $\hat{Q}_{\mathrm{B}}$ , 7
. , $\hat{Q}_{\mathrm{B}}$ , $F^{a}=0$ :
$i[\hat{Q}_{\mathrm{B}}, \Phi]_{\mp}=\delta(\Phi)$ , $\Phi=A_{+^{a}},\overline{B}^{a},$ $C^{a},\overline{C}^{a},$ $B^{a},$ $\psi$ . (4.15)
. $Q_{\mathrm{B}}$ :




$=$ $\langle B^{a}(x_{1})B^{b}(x_{2})\rangle=0$, (4.18)
$\langle\overline{C}^{a}(x_{1})Q_{\mathrm{B}^{2}}\overline{C}^{b}(x_{2})\rangle$ $=$ $\langle\{\overline{C}^{a}(x_{1}), Q_{\mathrm{B}}\}\{Q_{\mathrm{B}},\overline{C}^{b}(x_{2})\}\rangle$
$=$ $\langle$ $(B^{a}(x_{1})-\mathcal{F}^{a}(x_{1}))(B^{b}(x_{2})-$ (x2)) $\rangle$
$- \frac{D}{2(2\pi)^{2}}\frac{\delta^{ab}}{(x_{1^{+}}-x_{2^{+}}-i0)^{2}}$ . (4.19)
, BRS7 (BRS Noether QB )
7 . , B $\hat{Q}_{\mathrm{B}}$
, BRS .
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